INTRODUCTION 1. UVOD
Norway spruce and Larch are among the most important central European wood species and they are frequently used for construction applications. The main part of all sawn timber is used in constructions that are not in immediate ground contact. One of the issues that limit outdoor use of spruce wood is insuffi cient durability (Brischke and Rapp, 2008) . On the contrary, larch, especially European larch, has traditionally held a good reputation in the Alps as a source of building material. This reputation is based upon its excellent mechanical properties combined with its good natural durability out of soil contact (Collardet and Besset, 1988; Flaete et al., 2011) . Besides wood quality, it seems obvious that the longevity of these constructions also relies on a high ancestral level of building expertise. Furthermore, the apparent natural durability and longevity qualities of larch wood do not seem to be expressed in the same way outside its distribution within the Alps (Curnel et al., 2008) . Consequently, larch from the warmer, more fertile regions of the lowlandssometimes performs considerably worse than larch from the Alps. However, some of the authors reported, that durable larch wood can be found even in the lowland plantations in Eastern Europe (Curnel et al., 2008) .
Natural durability, or alternatively decay resistance, is defi ned as the ability of wood to resist biological degradation (Eaton and Hale, 1993) . Brown-rot decay is a common and very destructive type of decay of sawn softwoods in central Europe. Brown-rot fungi utilize the cellulose and hemicelluloses of the cell wall, leaving the lignin essentially undigested, albeit modifi ed by demethylation and oxidation (Green and Highley, 1997). As a consequence the attacked wood darkens, shrinks, and breaks into brick-shaped pieces, leading to rapid structural failure (Solár et al., 2007) .
Larch and spruce wood are known as species with extreme variations of wood properties. Signifi cant variability existed amongst the larch and spruce originating from non-autochthonous lowland locations (Brischke et al., in press). Local growth conditions, age and maturity of wood may be more relevant than genetic effects (Venäläinen et al., 2001) . One of the factors that refl ect the local growth conditions of coniferous wood species is ring-width. On a macroscopic level, it has been proven for several times that ringwidth (and related density) is an important parameter predicting the mechanical properties of wood. According to Verkasalo (1992) MOE of conifer wood species increases with increasing density, number of growth rings per cross-sectional unit area, and increasing latewood percentage. On the contrary, there is less information on the performance of spruce wood against wood decay fungi regarding the ring-width, therefore this issue was elucidated in this paper.
Heartwood extractives play a key role for natural durability, besides lignifi cation and growth characteristics. The signifi cance of heartwood extractives for natural durability was demonstrated as early as 1924 (Hawley et al., 1924) . Larch heartwood contains high amounts of extractives; the major part consists of arabinogalactan, a water-soluble and heavily branched polysaccharide comprising 5% to 30% of the total by weight (Cote et al., 1966) . The high amounts of arabinogalactan are specifi c to larch; they are found primarily in the cell lumen and their role remains unclear (Cote et al., 1966) . In brown-rot decay, it may even enhance fungal growth by being a nutrient source (Srinivasan et al., 1999) . Besides arabinogalactan, up to 3.5% fl avonoids are found in larch heartwood (Giwa and Swan, 1975) , which may play a role in decay resistance. Among various extractives, phenolic extractives exhibited the highest biological activity (Gierlinger et al., 2004) .Triglycerides, steryl esters, free sterols, resin acids, diterpene alcohols and free fatty acids are predominant extractives characterized in water based solvents (Örsaet al., 1997) . Triglycerides are the most important extractives in sapwood, while resin acids are reported as predominant extractives in Spruce heartwood (Hovelstad et al., 2006) .
Several methods have been used to test the performance of wood species against wood decay fungi. In general, methods can be divided into laboratorial and fi eld tests. Laboratory methods provide more comparable data and on the other hand refl ect only the fungicidal or fungistatic properties of wood and do not refl ect other important factors that infl uence the performance of the wood in real applications, like water repellence, sorption properties, etc. On the contrary, fi eld test data refl ect overall performance of the material, but it takes a considerably longertime to obtain the results.
The aim of this study was to elucidate the infl uence of the ring-width on the extractive content and performance of spruce and larch wood against wood decay fungi. These data are important both from the scientifi c and application point of view, as this is the key information for sorting and grading of sawn wood.
MATERIAL AND METHODS

MATERIJAL I METODE
For testing, various different Norway spruce (Picea abies) and European larch (Larix decidua)heartwood, semi-radial boards with different ring-widths were chosen. They were classifi ed according to the ring-width into two groups for spruce and two groups for larch wood specimens (Table 1 ) and afterwardsdensity of the oven dry wood was determined. Samples originate from different boards. Spruce wood specimens were made of 6 different boards, and 4 boards were used for the preparation of larch specimens. Two types of specimens were obtained from the boards. The bigger ones (2.5 cm × 5.0 cm × 50 cm) were used for fi eld testing according to the Horizontal double layer test (Rapp and Augusta, 2004; Augusta, 2007) and smaller ones (1.5 cm × 2.5 cm × 5.0 cm) for standard laboratory testing (EN 113, 2004) . Laboratory tests were performed on larch and spruce wood specimens, while fi eld tests were only performed on selected spruce and larch wood specimens.
Before exposure to fungi, half of the smaller specimens were extracted according to the Soxlet procedure usingthe following solvents: cyclohexane/ethanol (22 h), ethanol (22 h ) and water (44 h) in automatic extraction system Büchi B-811. Extracted and non-extracted samples were oven-dried at 103+2 °C until a constant weight was achieved. Percentage of extractives was determined gravimetrically and expressed in percentages. Mass and dimensions of the oven dried specimens were determined and used for density calculations.
Thereafter, specimens were steam sterilized (121°C) and exposed to threebrown rot fungi (Antrodia vaillantii, Serpula lacrymans and Gloeophyllum trabeum) for 16 weeks according to the EN 113 procedure (2004). These wood decay fungi are predominant decomposers of spruce wood in commercial applications (Schmidt, 2007) . Two specimens, one extracted and one non-extracted, were randomly exposed in the same experimental jar. After fungal exposure, specimens were isolated, oven-dried and weighed again. For comparison, Scots pine sapwood specimens (Pinus sylvestris)) were exposed to fungi as well. The experiment was performed with fi ve replicate specimens per fungus / ring-width.
In parallel, FTIR analysis of the wood was performed. DRIFT spectra were collected between 4000 cm-1 and 450 cm-1 with the Perkin Elmer FTIR Spectrum One Spectrometer, using the Abrasive Pad 600 Grit-Coated, PK/100 (Perkin Elmer) paper.
In parallel, spruce wood specimens divided into two groups (Table 1) were exposed in use class 3 conditions according to the double layer test method (Rapp and Augusta, 2004; Augusta 2007 ). 10 specimens were grouped together in double layer test setup 500 mm above ground. Decay was visually evaluated and rated (0 -no attack; 1 -slight attack; 2 -moderate attack; 3 severe attack; 4 -failure) every year as prescribed by EN 252 standard (1989).
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
The material used in this experiment was representative and originating from the northern Slovenia in order to limit the infl uence of the climate conditions on wood properties. As expected, correlation was determined between spruce wood density and ring-width. Density of the dry spruce wood varied between 327 kg/m 3 for specimens with the ring-width between 4 mm and 6 mm, and 431 kg/m 3 for spruce wood with the narrowest rings (up to 2 mm) ( Table 1) . Density of the larch heartwood was slightly higher, and varied between 525kg/m 3 and 532 kg/m 3 . These results are in line with the values reported in the literature (Wagenführ, 1996) . Table 1 and 2 show that with the increasing density (narrow ring-width), the extractive content in spruce wood samples does not increase and, on the contrary, it even decreases. However, this correlation is not very tight, and there is huge scattering predominantly in the less dense spruce wood specimens (Figure 1 ). The equation expressingthe amount of extractives per volume of material (spruce), showed that there is a comparable amount of the extractives per given volume of the material. Similar relation is also observed with larch specimens. Specimens with the wider rings contain more extractives than parallel ones with narrower rings (Table 1) . If at least a weak correlation was detected between density and extractive content with spruce specimens, no such correlation was observed between these two parameters with larch wood specimens (Figure 1 and 2 ). Another issue to be considered at this point is that larch wood specimens contain higher amountsof the extractives (6.3 %) than spruce ones (3.5 %). However,the performance of the respective wooden materials is not only defi ned by the concentration, composition or biological activity of the extractives. In parallel,wood FTIR spectra were determined. As shown inFigure 3, there was actually no difference in the FTIR spectra of spruce wood regarding the ring-width difference. No infl uence of the ring-width can be seenin FTIR spectra of larch wood either. The main reason for this is the fact that IR assignments of the extractives are similar or even the same as the assignments of lignin. Therefore, chemical changes of the extractives in wood cannot be determined with FTIR spectroscopy.
However, the most important question addressed in this paper was, how density or ring-width and extractive content defi ne the performance of wood against brown rot fungi. Brown rot fungi were chosen, as softwood species are predominately degraded by brown rot fungi (Green and Highley, 1997) . Mass loss of the pine sapwood specimens that was used as a virulence control clearly indicates that the fungi were active. After 16 weeks of exposure, those specimens lost between 48.6 % (G. trabeum) and 27.6 % (A. vaillantii). If these data are compared with mass losses of spruce wood, it can be seen that the mass losses of spruce wood are lower compared to pine sapwood, whichis in line with better natural durability of spruce wood (EN 350-1, 1994) . Similarly as pine sapwood, G. trabeum was found the most aggressive, followedby S. lacrymans and A. vaillantii (Table 2) . However, if comparison is made between the ring-width (Table 2) or density (Figure 4) of the specimens and the mass loss of the specimens, it can be seen that there is no correlation between the ring-width or density and mass loss after exposure to the fungi.Comparison of the extracted and non-extracted specimens showed that there is no statistically signifi cant difference between mass loss of the extracted and non-extracted spruce wood specimens. This indicates that the extractives in spruce wood do not have very prominent effect on the natural durability of this wood species.
In contrasts to spruce and pine sapwood specimens, larch heartwood exhibited better performance against brown rot fungi. Mass losses of larch wood specimens were lower by approximately 50% compared to pine wood controls (Table 2 ). This confi rms better durability of larch heartwood (durability class 3-4) compared to spruce (durability class 4) and pine sapwood (durability class 5) (EN 350-1, 1994 ).In contrast to spruce wood specimens, extracted larch wood was more susceptible to brown rot decay than non extracted larch wood. This was evident in all groups of the specimens with exception of larch wood with narrow ring-width exposed to A. vaillantii (Table 2) , indicating that larch extractives play an important role byenabling durability. Similarly as the presence of extractives, ring width (or heartwood density) does not have signifi cant infl uence on the durability of larch wood, ascan be seen in Figure 5 . On the other hand, the extracted larch heartwood was still much more durable 
Figure 5
Relationship between density of larch heartwood and mass loss after 16 weeks of exposure to the respective brown rot fungi Slika 5. Odnos između gustoće drva srži ariša i gubitka mase nakon 16 tjedana izlaganja odgovarajućim gljivama smeđe truleži than spruce wood or pine wood. Thus, it is believed that this is another proof that natural durability of the wood cannot be explained by the presence or absence of the extractives, and that there must be some other mode of action that infl uences durability. One of the mechanisms that might affect the durability is the efficacy of water exclusion (Welzbacher et al., 2009) . In order to overcome limitations of the laboratory tests, parallel specimens were exposed to the fi eld test sites in above ground conditions. As it is considerably more diffi cult to obtain bigger specimens with homogeneous ring-widths, only two types of spruce wood specimens, and one type of larch wood specimens were exposed. As clearly shown in Table 3 , the fi rst signs of fungal decay appeared on spruce wood after the fi rst year of exposure, while there was no decay on larch wood even after four years of exposure. Additionally, comparison of spruce wood samples with different ring-widths revealed that the specimens with wider ring-widths were completely decayed after four years of exposure, while the specimens with narrow ringwidth were still not completely degraded after 6 years of exposure (Table 3) . With both specimens, Gloeophyllum sp. was the prevalent reason for the degradation, as indicated by the fruiting bodies present. This fi eld test proves better natural durability of spruce wood with narrow ring-widths compared to the ones with wide ring-widths. Furthermore, comparison of the fi eld test data and laboratory data showed that the laboratory tests sometimes underestimate the performance of durable materials against wood decay fungi. Therefore, fi eld tests are recommended in order to assess the actual performance of the material.
CONCLUSIONS
ZAKLJUČCI
Performance of spruce and larch heartwood with different ring-widths in standard fungal laboratory test does not show a signifi cant infl uence of the durability against brown rot fungi. In contrast, fi eld test data proved the infl uence of the ring-widths on the performance of spruce wood against fungi. Furthermore, extraction of spruce wood specimens,before fungal exposure,has no infl uence on the performance against wood decay fungi either. On the contrary, extraction of larch heartwood specimens hasa much more prominent infl uence on the fungal resistance. 
